Unusual or unexpected effect of treatment Background:
Background
Chordoma is rare, but aggressive bone tumor, primarily affecting the axial skeleton. It has incidence reported at 0.08/100 000; 0.1/100 000 in males and 0.06/100 000 in females [1, 2] . Systemic chemotherapies are not effective against the tumor, and treatment primarily consists of surgical resection and radiation. We present case of 68-year-old female with chordoma, who underwent multiple surgical resections, radiotherapy session, and had course complication by disease progression on imatinib and local recurrence. She was eventually placed on afatinib with good effect. This article highlights the effectiveness of afatanib as a treatment modality, and discusses the diagnosis, histopathological features, associated genetic aberrations, currently available and upcoming treatment options.
Case Report
A 68-year-old female with past medical history of gastroesophageal reflux disease (GERD), gallstones, renal stones, hypertension, hyperlipidemia, obesity, osteoarthritis, and osteoporosis, presented with initial symptoms of hoarseness and neck pain. Magnetic resonance imaging (MRI) was performed that showed a 5.5 cm mass in the prevertebral area extending from C3 through C6. The biopsy was consistent with chordoma, (Figures 1, 2 ). Her past surgical history was significant for cholecystectomy, total abdominal hysterectomy and oophorectomy for possible history of remote malignancy. Family history was significant for diabetes mellitus, hyperlipidemia, colon cancer, heart disease, stroke; while social history was negative for smoking, alcohol or drug use. She underwent surgical debulking followed by CyberKnife treatment with stereotactic radiation in 2010-2011. The treatment consisted of 35 Gy administered in 5 fractions to the residual tumor from C4 through C6.
In 2012, she had a recurrence and underwent a C4-C5 laminectomy with excision of the extradural tumor. The repeat pathology was again consistent with chordoma, and treatment with imatinib was initiated. She was on imatinib from January 2014 till January 2015. After being on imatinib for a year, she was noted to have disease progression requiring further surgical debulking. She underwent complete gross total resection and the pathology was again consistent with chordoma. She subsequently developed neck pain and motor weakness with imaging evidence of increased tumor in the epidural space at the C4-C5 and C5-C6 levels, causing severe canal stenosis and cord compression, with the tissue mass extending posteriorly from the vertebral body. She underwent urgent decompression laminectomy for spinal cord compression, following which her neurological symptoms improved ( Figure 3 ). She was then started on oral dexamethasone and afatinib at 40 mg oral daily. She had a severe rash and diarrhea, as a result dose was reduced to 30 mg daily, which she tolerated well. After 6 months of treatment, she had a good clinical response with improvement in Karnofsky performance status from 50% to 70%.
Most recent physical examination on afatinib 30 mg daily, was remarkable for obvious 2.0×2.0 cm moderately firm nodule, on the right side just below her cricothyroid, which was smaller and softer compared to prior examination. There was no significant lymphadenopathy. Sensation was decreased to light touch in bilateral upper extremities, similar compared to prior. Motor strength was noted to be 4/5 bilaterally in the upper extremities, and 5/5 in the bilateral lower extremities. Range of motion of left shoulder was limited in abduction, while that of right shoulder was normal. Cranial nerves and gait were also noted to be normal. Repeat cervical spine MRIs showed no further disease progression. 
Discussion
Chordomas are primary bone tumors, which arise from notochord remnants along the axial skeleton. Brachyury, a transcription factor encoded by T gene, is involved in notochord development and maintenance [3] . Studies have shown that aberrations in T gene play an integral role in initiating tumorigenesis. This tumor occurs largely sporadically, but, T gene duplications found in family members has provided evidence that there may be a component of genetic predisposition to the development of chordomas [4] .
Chordomas account for 1% to 4% of all bone tumors and 0.5% of intracranial neoplasms, with incidence reported at 0.08/100 000; 0.1/100 000 in males and 0.06/100 000 in females [1, 2] . Usually men in their 50s and 60s are affected while children and women contribute to a smaller percentage. Chordomas can affect any part of the axial skeleton, with 32% cases occurring intracranially, 29.2% in the sacrum, and 32.8% affecting the rest of the spine [5] . Metastasis affected around 30% to 40% of all cases, with lungs, liver, lymph nodes and cerebrospinal (CSF) as the commonly reported sites [6] . Survival is modest ranging from 50% to 68% at 5 years and 28% to 40% at 10 years [7] .
Histologically, chordomas consist of fibrous tissue separating chords of tumor from mucoid matrix. There are 3 histological subtypes: classical, chondroid and de-differentiated, with the latter being the most aggressive and affecting mostly children [6] . Immuno-histological markers are needed to establish diagnosis and to differentiate it from other tumors like chondrosarcoma. Chordoma stains positive for nuclear brachyury along with S-100, epithelial membrane antigen, vimentin, and cytokeratin [8] .
Chordoma is a slow growing tumor, which is locally invasive and destructive, eventually leading to compression of surrounding structures including vessels and nerves. Symptoms depend on the site involved and size of the tumor. Intracranial tumors can produce headaches, defects in the visual field, dysphagia, cranial neuropathies and radiculopathies; cranial nerve VI is commonly affected. Sacral location can result in back pain, dysfunction of sphincter, radiculopathies, and motor weakness of lower extremities [9, 10] .
A diagnosis begins with radiological imaging. X-ray can show bone erosions with irregular calcium foci along with a lytic lesion. Computed tomography scan typically shows a low attenuation, hyperdense soft tissue mass with calcification, with lytic lesions and a locally destructive pattern. MRI is considered superior to other imaging modalities and lesions appear hypodense on T1 flair. Heterogenous enhancement is visualized with gadolinium use. While on T2 images lesion appears hyper dense in comparison [9] .
The treatment consists of complete surgical resection with negative margins, however, despite aggressive resection recurrence is common. An incomplete surgical resection, skullbased location, advanced age, and large size and tumor necrosis are associated with poor prognosis [11] [12] [13] . A complete resection is often not possible given the proximity to critically important structures, hence, an attempt is made to resect as much tissue as possible. For intra cranial lesions, endoscopic endo-nasal trans-sphenoid approach is the most common approach as it is minimally invasive and equally effective compared to other approaches. Other procedures include transmandibular, subtemporal preauricular, lateral transcondylar, and transcochlear approaches [5, [14] [15] [16] .
Aggressive surgical resection is often combined with radiation therapy with target dose of greater than 60 Gy. This leads to better disease control and reduced local recurrence. Proton beam therapy is preferred over photon therapy, for its straighter trajectory. This results in radiation primarily targeting the lesion, hence minimizing damage to surrounding critical structures [17, 18] .
There is no established definitive treatment outside of surgery. Chemotherapy has not shown to be effective, hence the focus has shifted towards investigating molecular targeted therapy as a treatment modality [19, 20] . Tyrosine kinase receptor (TKR) expression with aberrations in the downstream signaling molecules is associated with tumorigenesis. Many receptors, genetic alterations, chromosomal abnormalities, and molecular pathways have recently been identified for better an understanding of pathogenesis and management of chordomas. TKRs, including, but not limited to, epidermal growth factor (EGFR), platelet derived growth factor receptor-a, platelet derived growth factor receptor b amongst many others have been implicated in the development of chordomas either via overexpression or activation [21, 22] .
Downstream molecular pathway abnormalities associated with this tumor include Akt/phosphoinositide-3-kinase (PI3K)/mammalian target of rapamycin (mTOR), mitogen-activated protein kinase (MAPK)/extracellular signal-regulated kinase (ERK) pathway, along with Janus kinase (JAK)/signal transducer, activation of transcription (STAT) pathway, and abnormalities in retinoblastoma pathway [22, 23] .
Extensive evidence is available in the current literature in the form of published case reports, retrospective case series, and some phase 2 clinical trials supporting the utility and effectiveness of various receptor inhibitor like imatinib, cetuximab, gefitinib erlotinib, lapatinib, sirolimus, dasatinib, and bevacizumab.
Imatinib (PDGFR, C-KIT, ABL) is one of most widely studied receptor inhibitor in the management of chordomas in a study that involved 50 patients. One patient (2%) achieved partial response, while 35 patients (70%) had stable disease [24] . Sunitinib was studied in a phase II trial that included 9 patients with chordoma. In this study, 4 patients had stable disease for at least 16 weeks [25] . The efficacy of imatinib and sirolimus combination was studied in 10 patients with advanced chordoma, 1 patient achieved a partial response, 7 patients had stable disease, while 1 patient had progressive disease [26] .
A phase II trial exploring sorafenib in the treatment of locally advanced and metastatic chordoma demonstrated a 9-month progression-free rate of 73% [27] . In a phase 2 trial, lapatinib was tested in 18 patients with EGFR positive advanced chordoma. The study showed partial responses in 6 patients (33.3%), stable disease in 7 patients (38.9%) and a median progression free survival of 6 months as per the Choi criteria. The median progression free survival was 8 months as per the response evaluation criteria in solid tumors (RECIST criteria). Stachiiotti et al. also studied the efficacy of lapatinib in a phase II trial including 18 patients with advanced, progressive EGFR positive chordoma and demonstrated that 33% patients (6 out of 18 patients) had a partial response and 38.9% patients (7 out of 18 patients) had stable disease [28] . The response to dasatinib was studied on 32 patients with chordoma in another phase II clinical trial and demonstrated that 54% patients had progression free survival (at 6 months) [29] .
Bevacizumab in combination with erlotinib produced stable disease at 2 to 4 and a half year in a case series of 3 patients reported in Sweden [30] . A patient with recurrent lumbar chordoma despite previous gross resection with wide margins and adjuvant radiation treatment developed durable response after being treated with pazopanib for over 15 months [31] . The benefit was also observed in a case series where a patient on sunitinib had a partial response lasting 27 weeks and 4 patients on pazopanib had a median progression free interval of 8.5 months [32] .
Clinical trials are being conducted to investigate the role of afatinib, another EGFR inhibitor in chordomas. Published data comparing various EGFR inhibitors has suggested that afatanib is a promising agent with superior results, while lapatinib has been the least effective. Cell lines found to be most sensitive to afatinib activity lacked STK 33 mRNA/protein levels, which could potentially lead to STK 33 being used as biomarker to predict tumor responsiveness to afatinib [33] .
Other genetic abnormalities consist of SMARC B1/INII loss, aberrations in micro RNA, in particular miR-1, miR-206, and miR-155 amongst several others, and gains or losses related to certain chromosomes [34, 35] . In particular, loss of 1p36 has been associated with a poor prognosis. Loss of 9p region leads to CDK4/6 activation via the retinoblastoma pathway and contributes to tumor progression. Palbociclib is being studied as a CKD4/6 inhibitor for chordoma treatment [36] .
A number clinical trials are ongoing and studying the effectiveness of afatinib, LBH589, palbociclib, the combination of imatinib with everolimus (Eudra CT 2010-021755-34), the use of oncolytic bacteria, a EZH2 inhibitor, tazemetostat, in adult chordoma patients who have INII negative tumors.
Furthermore, immunotherapy has gained popularity for cancer treatment as it has shown promising results in the management of several malignancies, and now its usefulness is being explored for chordomas. Although originally programmed death ligand 1-2 were not thought to be expressed on chordoma cells, they have now been identified on infiltrating lymphocytes and can be induced by inflammation [37, 38] . Ongoing trials are investigating nivolumab and ipilimumab, nivolumab with radiation, and nivolumab with or without stereotactic radiation therapy. Also being explored are irradiated natural killer (NK) cells in combination with cetuximab, as radiation exposure is believed to increase antibody dependent cytotoxicity of cetuximab by increasing the expression of CD16 alleles on NK cells [39] .
Chimeric antibody receptor (CAR) therapies have also been developed against chondroitin sulfate proteoglycan-4 (CSPG-4), a cell surface molecule associated with a poor prognosis and metastasis. This also paves the way for more upcoming treatment options [40, 41] .
Vaccination targeting brachyury is also under investigation, as brachyury is known to play a significant role in the pathogenesis of chordomas. In a recent trial investigating the efficacy of a yeast-based vaccine, 11 patients were evaluated and, after 3 months 8 patients had stable disease [42] . Currently trials on GI-6301 vaccine in combination with radiotherapy are underway, because radiation is thought to increase infiltration by inflammatory cells along with increased expression of MHC peptides. This increases T cell activity against cancer cells (NCT02383498).
Our case highlights the effectivity of afatinib as a treatment modality for chordoma, that recurs despite multiple surgical resections, radiation, and use of imatinib. Disease control lasted for at least at 6 months. She had a good clinical response with improvement in Karnofsky performance status from 50% to 70% and repeat cervical spine MRIs showed no further disease progression.
Conclusions
Due to the rarity of chordomas, limited trials have been carried out. As a result, there is lack of standardized systemic and effective therapy. At present, enbloc resection with possible radiation therapy remains the only effective treatment option, and there is significant morbidity associated with the tumor. There is optimism regarding development of standardized therapies, however, that will require more funding and internal collaborations that are carried out on a larger scale. Our patient demonstrated that afatinib should be studied for progressive chordoma, given positive response observed in our patient.
